RESULTS
The study included 59 participants (29 females, 30 males; mean age 25y 2mo [SD 5y 10mo]), mean age at first surgery 10y 2mo [SD 3y 7mo] . Compared to the T1DM group, significantly more young people with craniopharyngioma aged 25 to 35 years lived at their parents' homes (craniopharyngioma 43.34%; T1DM 13.7%; v 2 =4.14, p=0.049), and fewer lived in a relationship (craniopharyngioma 8.69%; T1DM 54.7%; v INTERPRETATION Young adults with craniopharyngioma reported subjective disadvantages in professional and social integration. Further, they presented with reduced well-being and increased depression rates. Better psychosocial support and self-management education might reduce the long-term burden of the disease.
Adamantinous craniopharyngioma is one of the most common sellar tumours of childhood. It is a non-hormonesecreting epithelial tumour that is either intrasellar or suprasellar or sometimes hourglass-shaped in the suprasellar and intrasellar space. Its incidence is 1.5 per million per year. The age distribution is bimodal, with the first peak in childhood at the age of 5 to 14 years, and the second peak at 65 to 74 years. 1 The most common symptoms of craniopharyngioma are headaches, temporal visual field defects, decreased growth rate, polydipsia/polyuria, and excessive weight loss or weight gain. 2 These clinical symptoms are usually due to the size and localization of craniopharyngioma, hydrocephalus, compression of the optic pathways, and/or destruction of the pituitary gland or hypothalamus. After tumour removal, however, patients often suffer from chronic disease due to hypothalamic injury or hypopituitarism, which may have a serious impact on daily life.
While long-term physical aspects have been described before, 3, 4 relatively little attention has been paid to the long-term effects of psychosocial aspects of this chronic disease, especially for childhood-onset craniopharyngioma. Previous studies have observed reduced well-being of patients with craniopharyngioma. 5, 6 Results have been primarily linked to clinical conditions including hypopituitarism, visual impairment, body mass index (BMI), and impaired hypothalamus function. 2, [5] [6] [7] [8] [9] Furthermore, the effects of medical therapy such as the number of surgeries, radiotherapy, as well as hydrocortisone replacement therapy were explored. 10, 11 However, prior research varies in terms of reported age, age at onset of craniopharyngioma, clinical background, size of evaluated population, and applied questionnaires, leading to heterogeneous conditions. Young adults with craniopharyngioma may suffer from impaired hypothalamic-pituitary-adrenal axis (HPA axis) and are therefore especially vulnerable to stress. To assess the emotional status of individuals with childhood-onset craniopharyngioma, the standardized questionnaires Hospital Anxiety and Depression Scale -German Version (HADS) and the World Health Organization Well-Being Index (WHO-5) were used. In this study, we focussed on young adults with childhood-onset craniopharyngioma because they are in a critical stage of development that is adversely affected by the burden of a chronic disease like craniopharyngioma. The sequelae of childhood-onset and adult-onset disease are similar, but in adulthood the consequences of the sequelae are less severe because most individuals have already established their family and professional lives. To our knowledge, this is the first study to examine how young adults rate effects of craniopharyngioma on their daily lives. Overall, the aim of the study was to examine the participants' view of long-term psychosocial consequences of craniopharyngioma diagnosed during the critical developmental phases of childhood and puberty. Furthermore, results are compared to those of young adults with type 1 diabetes mellitus (T1DM).
METHOD Study design
This is a cross-sectional study of young adults with childhood-onset craniopharyngioma. Participants were obtained from the German cancer foundation for children, the Deutsche Kinderkrebsstiftung, in 2012. Questionnaires were sent via post to all members who were registered in the database of the German national support group for young adults with craniopharyngioma (n=141). Finally, 59 young adults were included in the study as shown in Figure S1 (online supporting material).
Examiners were blinded regarding the identification of participants. Inclusion criteria defined beforehand included age between 18 years and 45 years, diagnosis of craniopharyngioma before 18th birthday, cortisone substitution because of a disruption of the HPA axis, and informed consent to research and publication of results. Exclusion criteria were inability to fill out questionnaires due to either impaired cognitive performance or speech comprehension or insufficient knowledge of the German language. We compared the results with data of a German cross-sectional study of 306 young adults with T1DM (average years of diagnosis was 11y and 8mo [SD 5y 10mo]). Psychosocial factors were assessed by a survey, given to out-patients with T1DM in 26 diabetes centres. 12 The Research Ethics Committee of Hannover Medical School approved the study.
Questionnaire
After an extensive search of the existing literature, we composed a questionnaire especially for young adults with childhood-onset craniopharyngioma. The questionnaire consists of nine sections with a total of 127 items. Sections 1 and 2 focus on sociodemographic data (e.g. school performance, profession, marital status, relationship status, and housing situation). Furthermore, participants were asked whether they had experienced a negative life event in the past year. Section 3 assessed diagnostic and treatment history, including psychological therapy. Sections 4, 5, and 6 inquired about hormone management in everyday life and stressful situations. Participants were also asked if they received support for the daily hormone therapy. Section 7 assessed satisfaction with medical treatment and diseasespecific knowledge. In section 8, participants rated the consequences of the disease on their daily life, for example on social integration. Section 9 assessed mental health using WHO-5 13 and HADS-D. 14 The HADS-D 15 is a 14-item self-assessment scale, originally designed to screen for anxiety and depression symptoms, but it has also become a common diagnostic tool. 16 Seven of the items relate to anxiety and seven to depression. Each item has a score from zero to three. The maximum total score for each subscale equals 21. A score higher than 11 points is a significant indicator, a score between 8 and 11 a marginal indicator of an existing mental disorder, in particular depression or anxiety. The depression subscale of the HADS underlies the concept of anhedonia, a nonspecific indicator of depressed mood. 17 The WHO-5, a self-assessment scale, was designed to evaluate the subjective quality of life based on a mood assessment for the past two weeks. It consists of five items, rated on a 4-point Likert scale. 13 A higher score means greater well-being. Sections 4 to 7 will be presented elsewhere (Memmesheimer et al., unpublished material).
Statistical analysis
Data were reported using the mean and standard deviation (SD). Missing data below 2% were not substituted. Linear regression was performed to identify predictors of participant's well-being, using HADS depression and anxiety sum scores as dependent variables. HADS sum scores were used as continuous variables. The following independent variables were included in the linear regression analysis: sociodemographic variables (age, sex, living situation [independent/dependent living]), negative life event in the past year (yes/no), type of negative life event (health, relationship, illness of a family member, conflict in family, profession or studies, money worries, conflicts with friends, violence, and other), disease-related factors ( In a further step, variables showing significant correlations (p<0.05) were entered in a multiple linear regression model with backward elimination.
Since depression and anxiety prevalence are associated with age and sex, the HADS results of participants with What this paper adds
• Young adults with childhood-onset craniopharyngioma have higher depression and anxiety rates.
• They feel less socially integrated compared to typically developing population and young adults with type 1 diabetes.
• Body mass index and negative life events are predictive factors for depression and anxiety.
• Young adults with childhood-onset craniopharyngioma have limited independance.
craniopharyngioma were compared to values of agematched and sex-matched groups from a German norm population 18 and young adults with T1DM. Comparisons between groups were drawn using t-tests for unpaired samples and non-parametric tests for nonlinear data sets. Reported correlations between tests were checked for significance using Pearson's r and Spearman's rho. The statistical analysis was performed with SPSS for Windows, Version 23 (SPSS Inc., Armonk, NY, USA).
RESULTS
Over 57 per cent (n=80) of the 141 contacted young adults responded, and 42 per cent (59) met the inclusion criteria defined in the 'Method' section.
The demographic characteristics and medical history of the study participants are displayed in Table I .
Sociodemographic results
Educational status was indicated by the highest completed level of education (see Table I ). An assessment of professional/vocational training revealed that 40.68 per cent of all young adults had not yet completed formal professional/vocational training, but 62.5 per cent of this subgroup were currently seeking to complete such training. They were attending university or a vocational school, or performing voluntary work. Of the participants without completed formal professional/vocational training, however, 37.5 per cent did not plan to complete such training. Of this subgroup, 66.66 per cent worked in centres for people with disabilities and 33.33 per cent were unemployed.
The housing status was of special interest because it indicates the degree of independence and social integration. In the age group below 25 years, the majority of the young adults (74%) lived at their parents' home at the time of the survey, 23 per cent lived by themselves, and 3 per cent lived in a relationship. Participants between 25 and 35 years of age lived predominantly with their parents (43.47%) or by themselves (43.47%), while only 8.7 per cent lived with a life partner, a percentage far below that of the same age cohort of the general population and of the T1DM population (see Fig. 1 ). Participants between 35 year and 45 year of age lived either with a life partner (50%) or by themselves (50%). However, since only four participants were between 35 years and 45 years of age, results may not be representative. The natural growth in independence with increasing age can be observed in young adults with craniopharyngioma and the general population, but to a lesser degree in the former group. In the general population 19 of age 25 to 35 years, almost 30 per cent had children, while none of the young adults with craniopharyngioma had children, and 15.9 per cent of individuals with T1DM in this age group did.
Interestingly, about half of the young adults with craniopharyngioma received support with daily hormone therapy, for example in the preparation, appropriate timing of drug use, and adaption of the cortisol to the daily stress level. Here, 5.17 per cent received support from their father only, 27.58 per cent from their mother, and both parents supported 22 per cent of the young adults. Siblings supported 1.72 per cent of the participants. All participants who lived in a relationship (3.45%) received support from their life partner. About 51.72 per cent of young adults with craniopharyngioma did not have any support, of which 6.9 per cent would like assistance. In the comparison group of young adults with T1DM, 72.87 per cent did not receive any support, of which 6.7 per cent would like support.
To assess the consequences of craniopharyngioma on everyday life, participants were asked to rate the influence of the disease on parameters of social integration. Overall, participants rated their professional and social life as mainly negatively influenced by the disease (Table II) .
Psychological well-being
The HADS questionnaire was completed by 58 young adults (one person did not return the questionnaire). In the total sample, elevated HADS scores indicated depression for 20.69 per cent and anxiety in 10.34 per cent of cases (cut-offs 11+ in both cases). 16 Additionally, subclinical scores were observed in 10.34 per cent for depression and in 17.24 per cent for anxiety (score 8 to 10 in both cases; see Fig. 2 ). The responses of 8.62 per cent of participants were above the cut-off for both subscales, indicating clinical depression as well as anxiety disorder. Among participants with T1DM, 6 per cent revealed an elevated score (11+) for depression and 10.1 per cent for anxiety. Participants with craniopharyngioma had a mean depression subscore of 6.03 (SD 5.36), whereas the age-matched and sex-matched German norm population exhibited a mean score of 3.16 (SD 0.36) (t=4.084, p<0.001). The difference was significant in the anxiety subscale, with the patient group presenting a mean score of 5.71 (SD 3.93), whereas the norm population had mean scores of 4.07 (SD 0.32) (t=3.154, p=0.002). Participants with T1DM showed a mean depression score of 3.42 (SD 3.58) and an anxiety score of 5.77 (SD 3.40). Compared to craniopharyngioma, these results are significantly different for depression (t=3.568, p=0.001) but not for anxiety (t=-0.121, p=0.904). In addition, 44.07 per cent of young adults with craniopharyngioma stated that they had received psychotherapy, all but two after their first surgery. The results of depression and anxiety subscales correlated significantly (r=0.584, p<0.01).
To determine the underlying factors for psychological well-being, HADS subscores were correlated with sociodemographic data and disease-related and medical-therapyrelated factors. In the simple linear regression analysis, the following variables showed a significant correlation (p<0.05) with the depression score of HADS: BMI, negative life event in the past year, difficulties concentrating, sleeplessness, and visual impairment. For the anxiety score of HADS, the following variables showed a significant correlation: BMI, event in the past year, and sleeplessness. The multiple regression analysis revealed BMI, negative event in the past year, and difficulties concentrating as predictors of depression. In the multiple regression model, visual impairment and sleeplessness were removed because they did not add more significant information to the model. The predictors for anxiety are BMI, negative life event in the past year, and sleeplessness (see Table III ).
The sample mean of the WHO-5 sum score was 15.89 (SD 3.98); 22 per cent of the participants had a sum score below 13, which is an indicator of reduced well-being. A score below 8 as an indicator of depression was seen in 1.69 per cent of participants. The WHO-5 score of young adults with T1DM was 13.48 (SD 5.34), which is significantly lower than in the craniopharyngioma group (t=4.011, p<0.001).
Overall, negative correlations of the sum scores of WHO-5 and HADS (depression r=-0,789, p<0.001; anxiety r=-0.585, p<0.001 and Spearman's rho=-0.781, p<0.001; rho=-0.562, p<0.001) were highly significant.
DISCUSSION
The aim of the study was to investigate how young adults with craniopharyngioma diagnosed in childhood are influenced by their disease in daily life. At the time of the survey, participants were in a sensitive period of life, making decisions about their future family and professional lives. Findings revealed that young adults with craniopharyngioma differ significantly from healthy young adults and from individuals with other chronic diseases such as T1DM in terms of their living situation as well as in psychological well-being. This is especially important because both diseases require a high degree of self-management skills and emotional support in daily life. However, in Germany, individuals with T1DM and their parents are involved in patient education programmes starting immediately after diagnosis.
Social integration
A majority of young adults with craniopharyngioma have problems establishing independence, developing successful relationships, and detaching from their parents. Most young adults with craniopharyngioma stated that the disease negatively influenced their search for a life partner, relationships in general, family planning, and friendships. Compared to the T1DM population, significantly more young adults with craniopharyngioma are still living at their parents' home, and fewer lived in a relationship. Moreover, many parents still support their grown-up children in their daily hormone substitution. Parent involvement in medication management may be perceived as helpful by young adults with craniopharyngioma. Young adults with craniopharyngioma may prefer receiving ongoing family support over an independent lifestyle. This may be explained by reduced self-esteem due to disease-specific impairments.
Although most young adults were either employed or receiving professional/vocational training, a majority of them rated their professional integration to be negatively affected by the disease. Not being able to pursue their primary career choice could be the reason for this experience. Further research is needed to assess the influence of craniopharyngioma on career choices and satisfaction in professional life in more detail.
Psychological well-being
The psychological health status of young adults with craniopharyngioma was reduced, confirming the results of previous studies on combined populations of young adults with childhood-onset and adult-onset craniopharyngioma 5, 8 but also of studies with childhood-onset craniopharyngioma only. 2, 6, 9, 20 However, some prior studies on individuals with childhood-onset craniopharyngioma administered short screening instruments such as the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (QLQ-C30) 2 which only reflects some aspects of emotional well-being. Interestingly, one study that also used the well-known standardized clinical questionnaire HADS for a group of individuals with craniopharyngioma found no relevant reduction in quality of life.
5 In contrast to the described Dutch study, the present study considered a larger and more homogeneous group of young adults with childhood-onset craniopharyngioma only, which allows the psychological well-being of this cohort to be investigated in more detail.
Several clinical parameters have been described to have a negative influence on the quality of life in individuals with craniopharyngioma, such as female sex, visual field defects, obesity, repeated surgery, and radiotherapy. 2, 5, 8 We found that in our cohort the variables BMI, negative life event, and loss of concentration are the strongest predictors for depression. The association between depression and obesity reflects previous literature, 21 and it is well known that negative life events foster depression. 22 The parameter visual field defect had highly significant correlation with a higher depression score, but only in the simple regression. In a multifactorial model, its significance level did not exceed that of BMI, negative life event, and difficulties concentrating. Difficulties concentrating and visual field defects are highly correlated. 23 Further, the study showed that psychological well-being was not affected by the number of lifetime surgeries but by experiencing a negative life event in the year before. Interestingly, the main reason for a negative life event named by the young adults with craniopharyngioma was reduced health. This shows that they still have physical problems, even many years after their first surgery.
The anxiety rates of young adults with craniopharyngioma were mainly predicted by BMI, negative life event, and sleeplessness. Compared to the healthy population, anxiety rates were increased in young adults with craniopharyngioma as well as in participants with T1DM. Both groups depend on daily medication, and acute complications can occur despite high adherence, representing an underlying burden for the young adults in daily life.
A neurobiological reason for the reduced psychological status of individuals with craniopharyngioma may be the lack of hormones due to an impaired HPA axis. Involvement of the hypothalamus seems to be a neurobiological explanation of impaired quality of life. Young adults with craniopharyngioma may suffer from reduced self-confidence and coping skills, as described in previous studies evaluating health-related quality of life in patients with cancer. 24 This could result in less social integration and impaired psychological status. These findings underline the emotional distress experienced in daily life and illustrate the need for care providers offering professional help to patients. We suggest establishing preventive interventions for individuals with craniopharyngioma, such as patient education programmes including cognitive-behavioural components to increase optimistic self-beliefs and coping skills early after diagnosis.
Limitations
The study had several limitations. First, the cross-sectional design allowed no conclusions to be drawn about causality. Longitudinal studies are needed to examine the association of social integration, psychological well-being, and the long-term course of childhood-onset craniopharyngioma in further detail. However, since we compared the data with healthy adults and also with a group of young adults with T1DM, we believe that our data reveal enough information to draw the stated conclusions. Secondly, participants were recruited from a patient organization and we revealed a response rate of 57 per cent. We cannot completely rule out selection bias in our sample, and young adults with reduced well-being may have been more motivated to answer the survey. However, questionnaires were filled out independently by participants throughout Germany and therefore substantially reflect the psychosocial status of young adults with childhood-onset craniopharyngioma in this cohort. For future studies, we suggest combining subjective with objective patient measures, for example from a nationwide diseasespecific register.
CONCLUSION
Young adults with early-onset craniopharyngioma have increased rates of depression and anxiety and they feel impaired in their social and professional integration as an effect of the disease. To prevent emotional long-term disturbances and improve independence, age-appropriate selfmanagement programmes should be provided to young adults with craniopharyngioma at diagnosis in childhood and adolescence and for as long as necessary. Martin Memmesheimer for fruitful discussions. The authors have stated that they had no interests which might be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online: Figure S1 : Flow chart depicting patient selection modalities. Percentage of patients with depression/anxiety (+11 at the HADS sum score) of all patients with the factor present or absent. Negative life event in the last year, visual field defect, sleeplessness and difficulties of concentration were all binary variables (yes=1 vs no=0).
Psychological Well-Being of Childhood-Onset Craniopharyngioma Rodica Mia Memmesheimer et al. 835
